Acre-foot is a volume of water equivalent to amount that would cover 1 acre to a depth of 1 foot.
METRIC CONVERSION FACTORS
The inch-pound system of units is used in this report. For readers who prefer metric units, the conversion factors for the terms used are listed below.
Multiply inch-pound unit
By To obtain metric unit acres acre-feet (acre-ft) acre-feet per year (acre-ft/yr) feet (ft) gallons per minute (gal/min) inches miles square miles (mi2) Temperature in this report is given in degrees Fahrenheit (°F), which can be converted to degrees Celsius (°C) by using the formula:
Temp. °C=(temp. °F-32)/1.8.
Chemical concentration is given in milligrams per liter (mg/L) or micrograms per liter (^g/L).
Milligrams per liter is a unit expressing the solute per unit volume (liter) of water. One thousand micrograms per liter is equivalent to 1 milligram per liter. For concentrations less than 7,000 mg/L, the numerical value is about the same as for concentrations in parts per million.
INTRODUCTION 1.1 Objective

Powerplant Siting Evaluated
Ground-water resources in the southeastern California desert could provide powerplant cooling water.
The demand for electric power in California is steadily increasing; projections indicate a growth rate of almost 2 percent per year (California Energy Commission, 1983) . To meet these requirements, steam-electric powerplants will provide a large part of future power supplies. Because these powerplants require copious amounts of cooling water, an abundant, accessible water source is vital. In addition to hydrologic factors, powerplant siting depends on many physical, socioeconomic, environmental, and political considerations. Coastal sites are no longer an automatic choice because of recent land-use conflicts and environmental concerns. Consequently, much attention is now focused on inland sites where ground water is a feasible source of cooling water.
Stemming from this interest, the U.S. Geological Survey, in cooperation with the California Department of Water Resources, completed a hydrologic reconnaissance of the ground-water resources in the southeastern California desert area. This report presents the results of the third phase of a study of 142 ground-water basins in the area. The first two phases (Koehler and Ballog, 1979; Koehler and Mallory, 1981) established hydrologic criteria by which to identify suitable ground-water basins. That is, a basin must provide enough recoverable ground water to supply a 1,000-megawatt powerplant with water for 30 years.
The purpose of this study was to evaluate the groundwater resources of the study area to aid in further assessment of potential inland powerplant sites. Of the 142 basins evaluated, 5 basins met or exceeded the established criteria, and 6 met the criteria with qualifications.
The study area (figure 1.1-1) is bordered on the northwest by the Sierra Nevada and on the southwest by the Transverse and Peninsular Ranges. The States of Nevada and Arizona border the study area on the northeast and east; Mexico borders it on the south. The study area encompasses approximately 47,000 mi2 of mountains and alluvium-filled ground-water basins. In this report the ground-water basins are identified by a name and numbering system prescribed by the California Legislature (California Department of Water Resources, 1952) . There are 142 basins, ranging in size from a few square miles to 1,870 mi2 , that may contain a total of more than 410 million acre-ft of ground water in storage (California Department of Water Resources, 1975) . About 2 percent of California's population resides in the study area. Urban and agricultural development has largely been confined to areas having water of good quality. ' -arsi.~~ ^ -^^j r
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Electricity Demand Increasing
Steam-electric powerplants, which will provide most of electrical-energy supplies, will require large quantities of water for cooling.
When Californians first began electrical-power generation at the end of the 19th century, its rapid growth and effects on the environment could hardly have been predicted. Demand for electricity is increasing, primarily due to a steady but gradual rise in population and economic growth.
Most new generating facilities will be steam-electric powerplants (fossil fueled, nuclear, and geothermal, for example). California utilities are planning to retire older, less efficient oil-and gas-fired powerplants as part of their fueldisplacement strategy. Energy needs can be met through increased use of alternative technologies, such as geothermal, cogeneration (the simultaneous generation of electrical energy and low-grade heat from the same fuel), biomass (using plant materials or animal waste as a source of fuel), solar, wind, and fuel cell (a cell that continuously changes the chemical energy of a fuel and oxidant to electrical energy) ( fig. 1.2-1 ). California also retains several contracts to purchase excess power from nearby States ("transfers"). These options will increase the efficiency of California's electricity-generation resources, reduce reliance on oil-and gas-fired generation, and facilitate the replacement of older facilities with stateof-the-art powerplants (California Energy Commission, 1983) .
In powerplant-site planning, the number, size, and general location of powerplants (as well as type of plant and cooling system used) determine generating capacity. The quantity of cooling water available commonly dictates the size and siting of a plant; thus new energy development will depend on sufficient water supplies for powerplant cooling. According to the California Energy Commission (1980) , the quantity of cooling water required for inland powerplants could increase dramatically to an estimated 360,000 acreft/yr by the year 2000 ( fig. 1.2-2 ). 
Inland Powerplant Sites Favorable
Environmental and land-use concerns may preclude further siting along the coast. The southeastern desert region offers a possible source of cooling water, with less competition for land and resources.
Powerplant siting is complex because many factors influence the selection of an optimal location. In the past, the prime locations were near the coast close to major load (population) centers and an abundant source of cooling water from the Pacific Ocean. It is usually more desirable to locate generating facilities near load centers so that transmission lines and transportation links are shorter and less costly. In addition, powerplants on the coast that use ocean water have lower cooling costs and higher generating efficiencies. Consequently, powerplants are common along the California coast ( fig. 1.3-1) .
A limited amount of undeveloped coastline remains, with keen competition for its use. The coastline is a desirable location for many alternative uses, such as recreation, residences, ecological reserves, and esthetic enjoyment. Because a powerplant would preempt valuable land and resources, the acquisition of coastal land for new electricitygeneration facilities is extremely difficult.
The concerns over esthetic degradation and environmental impacts are pronounced in highly populated regions. Air pollution caused by powerplant emissions poses a serious public-health hazard. Critical-air areas are located along the southern California coast and in the San Francisco Bay area. Thermal pollution (the result of cooling water being heated, then discharged into a body of water) can adversely affect biological communities. Ground vibration and subsurface conditions are crucial considerations, particularly in seismically active coastal areas ( fig. 1.3-1) . These concerns have prompted objections to siting powerplants on the coast.
Because of the drawbacks associated with coastal sites, alternative sites inland are being considered. The southeastern California deserts offer a large area in which to seek favorable powerplant sites. Low population density, and consequently less competition for space and resources, makes the area economically and environmentally attractive. The area is remote from major population centers; hence, air-quality standards can more easily be met. California is predisposed to earthquakes; however, much of the southeastern desert area seems to be relatively less susceptible to seismic activity ( fig. 1.3-1) .
In the southeastern desert area, the most limiting physical factor is an adequate source of cooling water. Only a few water sources could be practically developed for powerplant cooling. Although acquiring water from the Colorado River, municipal suppliers, or State projects is technically possible, it is not likely because of political and economic problems. Because most surface-water rights have been decreed, ground water could provide a likely alternative. 
Large Quantities of Cooling Water Required
Approximately two-thirds of the energy generated must be dissipated as waste heat via coolingwater systems that use large quantities of water.
Powerplants require water for steam-electric generation and subsequent cooling. Small quantities of good-quality water are heated by burning coal, oil, or gas, or other fuels; by nuclear fission; or from geothermal water. The resulting steam runs a turbine that drives a generator, thus producing electricity. Then large quantities of cooling water condense the steam so that it can be recycled through the system ( fig.  2.1-1) . However, not all the energy created is converted to electricity. Almost two-thirds of the heat generated is removed as waste heat from the condenser. The thermal efficiency of a cycle is the electricity generated expressed as a percentage of the energy input from the fuel ( fig.  2 .1-1).
The quantity of cooling water required depends not only on the size and type of powerplant, but also on the type of fuel used, ambient air temperature, water quality, and type of cooling system. Estimates of consumptive water use per megawatt range from approximately 15 to 48 acre-ft/yr for the different fuel types (Davis and Wood, 1974) . (See fig.  2 .1-2.) The generally high dissolved-solids concentrations in ground water in the desert area and the high ambient air temperature increase the quantity of cooling water required. Therefore, an estimate of 30 acre-ft/yr per megawatt was assumed for this study. A standard powerplant capacity of 1,000 megawatts, which would require 30,000 acre-ft/yr, was used in the analyses. Davis and Wood, 1974) . Figure 2 .1-1. Electricity-generation schematic (modified from Davis and Wood, 1974) .
ELECTRICAL POWERPLANTS AND WATER UTILIZATION Continued 2.2 Cooling Systems
Waste Heat Transferred to Cooling Water
Once-through and evaporative cooling systems are most commonly used. Once-through systems require a nearby abundant water source; evaporative systems require a smaller quantity of relatively good-quality water.
Powerplants generally use either once-through or evaporative cooling systems. Once-through systems pump water from a large water source; heat is transferred to the cooling water, which is then discharged back into the water body. In evaporative cooling systems, recirculating water transfers waste heat to the atmosphere. An evaporative system requires a smaller quantity of water than a once-through system, but the water must be of relatively good quality. Cooling water that is initially low in dissolved solids can be recycled more times through the cooling system.
Once-through cooling systems require a nearby abundant water source, such as a large lake, river, or the ocean. As much as 1 million acre-ft/yr of water is needed although not necessarily good-quality water or freshwater. Cooling water is run through the condenser. Waste heat is transferred to the water, which is then discharged to the large body of water. The ocean provides an almost limitless source of water for this cooling method. Coastal powerplants typically use once-through cooling ( fig. 2.2-lA) .
In evaporative cooling systems, cooling-water temperatures are lowered by evaporation. Common examples of these systems are the pond and spray methods and the wettower method. A natural or artificial pond can be used as a heat sink when a large body of water is not readily available ( fig. 2.2-lB) . The circulating water returns to the pond and transmits heat to the atmosphere by evaporation. If the cooling capacity of the pond is insufficient, sprayers can be used to increase evaporation. Cooling ponds for a 1,000-megawatt powerplant would require a surface area of about 1,000 to 2,000 acres.
The wet-cooling-tower method uses primarily freshwater of low salinity. About 20,000 acre-ft/yr is required for a 1,000-megawatt plant. The warm cooling water from the condenser is pumped up an elevated tower and then sprayed to form drops that evaporate as they fall through the draft tower. The cooled water at the bottom condenses the steam and is then pumped back through the condenser to continue the cycle ( fig. 2.2-1C) . Heat from the water is removed (primarily through evaporation) by the airstream moving through the tower.
Evaporative systems are generally more expensive to construct and operate than other cooling systems. Concern about thermal pollution of water bodies, however, has led to greater use of closed evaporative systems, cooling towers, ponds, and sprayers. 
A. ONCE-THROUGH COOLING
Hot, Arid Desert Climate
Summer temperatures in excess of 100 °F and annual precipitation less than 4 inches limit the amount of available water.
The climate in the study area is characterized by low annual precipitation and high summer temperatures. Average annual precipitation ranges from less than 4 inches in the lower basins to 40 inches in the higher altitudes along the northwestern edge of the study area ( fig. 3 .1-1; Rantz, 1969; National Oceanic and Atmospheric Administration, 1974) . Most of the precipitation that falls in the higher altitudes runs off into the lower basins. Many basins are occasionally subject to torrential rainfall of short duration that causes flash flooding. Most precipitation that falls on the basin is lost by evaporation or is consumed by plants; the remainder percolates into the sediments and becomes part of the ground-water system.
Summer temperatures in excess of 100 °F ( fig. 3 .1-1) and large daily fluctuations in temperature are common in the lower altitude basins. Mean daily minimum and maximum temperatures for the southeastern desert area are 32 °F and 60 °F in January, and 76 °F and 108 °F in July (National Oceanic and Atmospheric Administration, 1974). Prevailing conditions are low humidity and clear skies, with rapid heating by day and cooling at night. The lack of precipitation, along with a high evaporation rate, limits the amount of annual runoff in the desert. Since available surface water generally is less than potential diversions, energy industries would have to compete with other users for the surface-water resources. Hence, ground water may be the only feasible source of water for powerplant cooling, given the many constraints on surface-water use. 
Intermountain Basins Filled With Alluvial Deposits
Alluvium may be as much as several thousand feet thick; most basins store water. Faults impede the flow of ground water in many basins.
The present landforms are chiefly the result of the progressive uplift and accompanying erosion of mountains. The intermountain basins are depressions that have received a thick accumulation of erosional products from the surrounding rising landmasses. Quaternary alluvium is exposed in most of the region. The surrounding mountains are composed generally of consolidated rocks (crystalline and metamorphic) that contain little or no water. Surface runoff from these mountains contributes much of the recharge to the groundwater basin and is also the source of alluvial debris deposited in the valley areas. A geologic section of the Mojave River area, as an example of desert areas, is shown in figure 3 .2-1.
The basins consist of unconsolidated alluvial sediments composed of boulders, gravel, sand, silt, and clay. Sediments generally grade from predominately coarse in the alluvial fans near the mountains to fine in the central part of the basins.
The alluvial deposits in the basins contain water; the thickness of these water-bearing sediments ranges from a few hundred to several thousand feet. Older alluvium underlies most of the study area and stores a large part of the ground water. Younger alluvium overlies the older materials and ranges in thickness from a few inches to about 100 feet. Generally, the coarser alluvial deposits are highly permeable and yield ground water readily to wells. The older materials have undergone weathering and compaction to some degree, which may limit their permeability.
Northwest-southeast-trending faults associated with the dominant San Andreas and Garlock fault systems occur in many of the desert basins. Water-level measurements indicate that ground-water movement across many of these faults is impeded; the altitude of the water table can be several tens of feet different on opposite sides of the faults. 
Large Quantities of Ground Water in Desert Basins
Alluvial aquifers store more than 410 million acre-feet of ground water in desert basins. Recharge to the basins occurs from interactions with streams and lakes, adjacent ground-water basins, some infiltrated rainfall, and occasional floodflow.
Ground water is an important and abundant natural resource that underlies almost 40 percent of California ( fig.  3 .3-1) and supplies 39 percent of the freshwater used in the State (California Department of Water Resources, 1987) . The southeastern California desert area is characterized by dry climate, a high potential evaporation rate, and sparse rainfall. More than 410 million acre-ft of water may be found in ground-water storage within the study area (California Department of Water Resources, 1975) . Ground-water basins accumulate infiltrated rainfall from wet seasons, recharge from streams and lakes, and subsurface flow from adjacent basins. The ground water is stored in alluvial aquifers that typically lie between the mountain ranges. Recharge rates are low, owing to the minimal annual precipitation and high evaporation rates.
In this region, ground-water basins are generally of two types: stream-valley and closed (playa) basins. Both streamvalley and closed basins receive subsurface water from higher elevations; surface runoff from the mountains infiltrates the alluvial fans and recharges the ground-water basins. Water leaves stream-valley basins primarily by surface drainage, whereas in closed basins ground water usually leaves through subsurface flow, internal drainage, or evaporation at play as.
In a stream-valley basin, streams may lose and (or) gain water through their interaction with the ground-water system. A "losing stream" contributes to the water table (figure 3.3-2/1). A "gaining stream" receives water from the aquifer; the water table is above the streambed ( figure  3.3-2B) . A typical stream in an arid region flows during periods of surface runoff, losing water by seepage to the water table (figure 3.3-2C). Ground water in stream-valley basins generally is of better quality than ground water in closed basins.
In a closed basin, the subsurface water flows toward and approaches ground surface at a "dry lake" or playa: ( fig. 3.3-2D ). Ground water may rise and evaporate, leaving a highly saline surface. This causes playa deposits to be interspersed with salt lenses. The closed nature of these basins causes most natural discharge to occur by evaporation at play as.
A. 
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3.0 CHARACTERISTICS OF THE SOUTHEASTERN CALIFORNIA DESERT AREA Continued
Desert Ecology
Fragile Desert Ecosystem
The numerous plant and animal species of the desert form a closely linked web that exists under harsh conditions. Desert ecosystems are fragile and sensitive to alterations in the environment.
Although the desert may appear to be a barren wasteland, in actuality it supports a closely linked and fragile ecosystem ( fig. 3.4-1) . The plants and animals have developed specialized mechanisms for living under the most severe conditions. The interdependence between species makes them even more susceptible to mild disturbances in the environment. Therefore, powerplant-siting considerations include limiting the impact on these delicate ecosystems.
Plants and animals of the desert are able to subsist in harsh, arid, high-saline surroundings partly due to their low productivity rates and relatively simple food chains. The appearance of spring blooms of annual plants, whose germination is dependent on the amount of rainfall, largely controls the reproductive success of many desert animals. Herbivores such as the desert tortoise ( fig. 3 .4-1), which depends heavily on spring ephemeral vegetation breed first, followed by insectivores, and then carnivores (Luckenbach, 1975) .
The plant communities in the desert consist of shrubs, succulents, herbs, and trees with functional and structural adaptations for conserving moisture. The plants in the southern California interior are primarily low shrubs with deep-seated, widespread root systems. The dominant vegetation of the lower altitudes is the Creosotebush scrub ( fig.  3.4-1) . Various species of cactus are common. Major types of desert herbs are the perennial grasslands and stands of annual forbs and grasses. Trees generally grow at higher altitudes along stream channels. Desert plants require ample, evenly spaced rainfall during the autumn and winter to produce the spectacular wildflower display the following spring.
The animals of the desert are largely dependent on the surrounding vegetation. An estimated 640 species of vertebrates and thousands of invertebrate species inhabit the area; several are unique to the California desert. The most commonly observed wildlife include the desert tortoise, snakes, rabbits, lizards, and small birds. Just as desert plants have developed means for conserving of water, so have animals of the desert environment. Nocturnal and subterranean habits help animals evade the highest temperatures and the dehydrating effect of the midday sun.
GROUND-WATER BASIN EVAULATION 4.1 Hydrologic Criteria and Basin Classification
Hydrologic Reconnaissance Completed
Suitability for sustaining a powerplant with cooling water is evaluated in 142 ground-water basins.
The initial phases of this study established the hydrologic criteria to assess the 142 desert ground-water basins (Koehler and Ballog, 1979; Koehler and Mallory, 1981) . The basic water requirements of a typical 1,000-megawatt powerplant over a period of 30 years served as a guide to determine each basin's ground-water suitability. The specific criteria used to evaluate the basins are:
(1) Storage a minimum of 1 million acre-ft of recoverable ground water in storage. This quantity is required to cool a 1,000-megawatt powerplant over 30 years. In addition to the water in storage, surface and subsurface flow from adjacent basins may replenish the ground-water system during pumpage of water as described in the following section.
(2) Well yield a minimum well yield of 500 gal/min. At this rate, 37 wells pumping continuously could produce the 30,000 acre-ft/yr of water required for the powerplant. Because any single well field probably could not sustain this rate of withdrawal for 30 years, it may become necessary to establish alternative well fields in the basin.
(3) Water quality ground water that is chemically suitable for cooling but unsuitable for many other uses. Powerplants do not require the good-quality water that domestic or agricultural users do. However, if the cooling water is initially low in dissolved solids, it can be recycled more times through the cooling system. An upper limit for dissolved solids was set at 30,000 mg/L to avoid restricting the number of times the water could be recirculated. Lower limits were set for some constituents, as follows, to exclude basins with freshwater suitable for other purposes: fluoride, 1.5 mg/L; arsenic, 50 ptg/L; boron, 2,000 ptg/L; and percent sodium, 75. Also considered were those characteristics (such as hardness) that could impair the cooling system through corrosion or incrustation. See section 7.0 for a summary of the chemical constituents and characteristics that affect water quality.
(4) Basin development minimal development to avoid conflict among competing uses of the land and ground water. Most basins containing good-quality water have already been developed. Siting a powerplant that withdraws large quantities of water in a developed basin may cause conflict between users.
(5) Established land use In addition to hydrologic criteria, some basins were eliminated on the basis of land use. Basins that overlap with a national park, monument, or military or Indian reservation, were eliminated from consideration because of established land uses (see fig. 1 .1-1).
According to these criteria, each basin was classified by its hydrologic suitability: suitable (meeting or exceeding all the criteria), suitable with qualifications, insufficient data to classify, and unsuitable ( fig. 4.1-1) . Five basins were judged suitable: middle Amargosa valley (6-20), Soda Lake valley (6-33), Caves Canyon valley (6-38), Chuckwalla Valley (7-5), and Calzona-Vidal Valley (7-41, 7-42). The numbers in parentheses refer to the basin identification numbers assigned by the California Department of Water Resources (1952) . A second numbering system is used to identify the surface-drainage province in which the basin is situated (California Department of Water Resources, 1964a). For example, W-9.DO represents the Amargosa Hydrologic Subunit within the Lahontan Drainage Province. Brief summaries and results of the individual basin evaluations are presented in section 6.0.
A further hydrologic investigation of the five suitable basins evaluated the occurrence and suitability of ground water for powerplant cooling and the implications of groundwater pumpage in the basins. 
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4.0 GROUND-WATER BASIN EVAUL ATI ON Continued
Effects of Pumping Ground Water
Pumping Can Deplete Ground-Water Storage
The pumped water can come from a decrease in ground-water storage, a decrease in natural discharge, and (or) a possible increase in recharge.
Ground-water systems can be physically described in terms of a water-budget equation; that is, the water coming into the system minus the water leaving the system equals the change in storage of ground water. This equation implies that the rates of recharge and withdrawals can be adjusted to avoid depleting water in storage.
Under natural conditions, ground-water recharge will balance discharges ( fig. 4.2-1/4) . Whereas, when water is pumped from a well (unnatural conditions), water in the vicinity of the well is removed from storage and a cone of depression develops. The withdrawal of ground water is balanced by a reduction in ground-water storage ( fig.  4.2-15) .
As the cone of depression expands outward, it may reach an area where water is naturally discharging from the aquifer. The hydraulic gradient will be reduced toward the discharge area, and the rate of natural discharge will decrease. The pumpage is compensated for in part by a reduction in the rate of natural discharge of ground water ( fig.  4.2-1C) .
After continued withdrawal, natural ground-water discharge may be stopped and water may be induced to move from a water source, such as a stream or lake, into the aquifer ( fig. 4.2-1Z) ). Ground-water withdrawals can change discharge areas into recharge areas; the growth of cones of depression can reduce natural discharge and increase recharge. This change is an important consideration where the recharge source contains lesser quality water that may migrate into the pumping depression, or where there are prior uses of the source of recharge water. The rate at which water can be withdrawn without doing permanent damage to the ground-water basin or inducing adverse effects on the basin's long-term supply is called the safe yield for that basin (Todd, 1959) . Aquifer responses to withdrawal of ground water by pumping (modified from Heath, 1983) . Q, pumping discharge.
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HYDROLOGIC ANALYSIS OF SUITABLE BASINS
Middle Amargosa Valley
Northern Part of Basin More Suitable Source of Gound Water
Ground water in storage is estimated to be 18 million acre-feet. Water quality varies considerably. The northern part of the basin probably is a more suitable source of ground water for cooling.
The middle Amargosa valley ground-water basin ( fig.  5.1-1 ) is in the Amargosa (W-9.D2) and Chicago (W-9.D3) Hydrologic Subunits. Total area of the basin is 1,300 mi2 , of which 620 mi2 is in Inyo County, California, and 680 mi2 is in Nevada. Access to the basin area is by California State Highway 127 from the south, and California State Highway 190 from the west. Only the part in California was considered in this study.
Ground water in storage in the California part of the basin is estimated to be 18 million acre-ft (Koehler and Ballog, 1979) . Average depth to water for the entire basin is about 100 feet. Alluvial deposits are more than 900 feet thick in the basin. The average well yield is about 2,500 gal/min; the maximum is 3,000 gal/min (California Department of Water Resources, 1975) .
Water quality varies considerably. The average dissolved-solids concentration is 1,600 mg/L and ranges from 566 mg/L in well 26B1 to 4,660 mg/L in well No. 9; generally, the poorer quality water is near Alkali Flat. Average hardness of the water sampled is 170 mg/L, and hardness ranges from 10 mg/L in well 14M1 to 382 mg/L in well 5F1 (Koehler and Mallory, 1981) . Some of the wells and springs in the southern part of the basin produce hot water, as high as 108 °F (Koehler and Ballog, 1979) .
Most of the recharge to the area comes from subsurface flow from the northern part of the basin in Nevada. An artesian area in the southern part of the basin probably is recharged by infiltration of rainfall at higher altitudes. Some recharge occurs from infiltration of the Amargosa River's infrequent flow and its tributary streams.
Ground-water discharge occurs as evaporation, transpiration by vegetation, pumping, and subsurface outflow to the south into Valjean valley ground-water basin (California Department of Water Resources, 1964b). Some of the subsurface flow is lost by evaporation of shallow ground water at Alkali Flat. Springs and flowing wells bring water to the surface, where it is evaporated or consumed by vegetation.
The part of the basin north of Eagle Mountain and Alkali Flat probably would be the more suitable source of ground water. The basin is deepest in this area, and subsurface flow from the north would help to maintain water levels. However, increased subsurface flow from the north could adversely affect users in the Nevada part of the basin. The southern part of the basin, with its warm water conditions, would be less suitable; the water would have to be cooled before being used. 
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HYDROLOGIC ANALYSIS OF SUITABLE BASINS Continued
Soda Lake Valley
Suitability Depends on Location and Design of Well Fields
Dissolved-solids concentrations are lower in the Mojave River Wash area. Recharge from adjoining basins would help maintain water levels.
The Soda Lake valley ground-water basin ( fig. 5.2-1 ) is in the Soda Lake Hydrologic Subarea (W-28.H2) of central San Bernardino County. The basin encompasses about 590 mi2 . Interstate Highway 15 approximately parallels the northwest boundary. The Union Pacific Railroad traverses the southern part of the basin in an east-west direction. Access to the basin from the north is by State Highway 127, which ends at the town of Baker.
Estimates of ground water in storage range from 4 million acre-ft (Koehler and Ballog, 1979) to 9.3 million acreft (California Department of Water Resources, 1975) . Alluvial deposits in the basin are at least 400 feet thick from Afton Canyon to Baker. Depth to water ranges from 8 feet below land surface in well 35A1 to 76 feet below land surface in well 30K1. Well yields reportedly are as high as 1,700 gal/min and average 1,100 gal/min (California Department of Water Resources, 1975) .
Water quality varies considerably throughout the basin, even in wells only short distances apart perhaps because of vertical stratification of water of different quality. Dissolved-solids concentration ranges from 297 mg/L in well 29B1 to 3,330 mg/L in well 25L1; the average dissolvedsolids concentration is 1,600 mg/L. Hardness ranges from soft (13 mg/L in well 7C1) to very hard (325 mg/L in well 16H1); average hardness is 135 mg/L. High fluoride and boron concentrations (for example, 10 mg/L and 2.2 mg/L, respectively, in well 11F1) make the water in most parts of the basin generally unsuitable for agricultural and domestic uses (Koehler and Mallory, 1981) .
Ground water moves from the Mojave River Wash and Devils Playground areas toward Soda Lake, then northward out of the basin. Ground-water movement may be impeded to some extent by three faults that cross the basin in a northwesterly direction (Koehler and Ballog, 1979) . Recharge is from rainfall in the basin and subsurface flow from adjoining basins. The average annual streamflow of the Mojave River is estimated to be 3,830 acre-ft (U.S. Geological Survey, 1977). Much of this flow percolates into the ground when it reaches the Mojave River Wash, or just beyond. Flash flooding on the Mojave River carries streamflow to Soda Lake, and on occasion streamflow spills over into Silver Lake valley to the north. Most of the water that reaches the lakes is lost to evaporation, because the lakebed sediments are relatively impermeable. Subsurface flow enters the basin from the Devils Playground, the Mojave River Wash, and possibly from Cronese Valley.
Ground-water discharge occurs by evaporation of water from springs on the west side of Soda Lake. Evaporation of ground water may occur at Soda Lake (a playa) where the water table is near the land surface. Subsurface flow is northward out of the basin through the Baker area and into the Silver Lake valley ground-water basin (Koehler and Ballog, 1979) .
If large quantities of ground water were pumped, the water quality might change as water from outside the well field moves into the pumping depression. Previous agricultural developments have failed because of poor water quality. If the well field were in the northern part of the basin, the resulting pumping depression might cause water levels to decline in the wells serving the town of Baker. The groundwater gradient at Baker could be reversed, causing subsurface flow to enter the basin from Silver Lake valley.
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Evaluation of Nonpotable Ground Water for Powerplant Cooling Ground water in storage is estimated to be 2 million acre-ft. The water table is near the surface in the southwestern part of the basin by the Mojave River, nearly 200 feet below land surface in the central part of the basin, and near land surface in Afton Canyon. The average well yield for 10 wells in the southwest part of the basin is 990 gal/min, with a maximum of 1,990 gal/min (Koehler and Ballog, 1979) .
The dissolved-solids concentration ranges from 622 mg/L in well 16J1 to 2,680 mg/L in well 36E1. Sodium concentration is high (average is 323 mg/L), making the water unsuitable for domestic and agricultural purposes. Water throughout the basin is generally soft. Average hardness (as CaCC>3) is 41 mg/L, and hardness ranges from 18 mg/L in well 6F1 to 85 mg/L in well 11N1 (Koehler and Mallory, 1981) .
Ground-water movement is approximately parallel to the Mojave River channel. Much of the surface water, which enters the basin by way of the Mojave River, percolates into the ground water; the remaining surface water leaves the basin through Afton Canyon. Recharge is by percolation of rainfall in the drainage basin, percolation of surface flow along the Mojave River, and subsurface flow from the southwest. Average annual subsurface flow entering the basin from the southwest is estimated to be 1,000 acre-ft (California Department of Water Resources, 1967) . The quantity of recharge available from precipitation is limited by scant rainfall and high evaporation rates. Periodically, the Mojave River carries surface flow from flash floods and recharges the ground-water system. An estimated annual average of 3,800 acre-ft of ground water discharges into the Mojave River near Afton Canyon (U.S. Geological Survey, 1977) . Most of the wells in the basin are unused; probably less than 5 acre-ft of ground water is pumped annually (Koehler and Ballog, 1979) .
If large quantities of water were pumped from the basin, water levels would decline in and around the well field; this might even stop the flow out of the basin through Afton Canyon. Increased recharge from subsurface flow and Mojave River streamflow would help to reduce water-level declines. Water in storage is estimated to be 15 million acre-ft. The main water-bearing materials are unconsolidated sedimentary deposits: alluvial-fan, stream-channel, and lake or playa deposits, and some wind-deposited sands. The average yield for wells in the basin is 1,800 gal/min, and the maximum yield is 3,900 gal/min (California Department of Water Resources, 1975) .
Water quality varies markedly in the basin. The water of best quality comes from wells in the western part of the basin, near Desert Center. The average concentration of dissolved solids is 2,100 mg/L, and concentrations range from 274 mg/L in well 29F1 to 8,150 mg/L in well 33C1. The dissolved-solids concentration increases as the ground water moves downgradient and is highest in the central and eastern parts of the basin. Average hardness is 274 mg/L (very hard), and hardness ranges from very soft (3 mg/L in well 29R1) to extremely hard (1,200 mg/L in well 10N1) (Koehler and Mallory, 1981) . Several of the wells contain high levels of fluoride and boron that make the water unsuitable for domestic and agricultural purposes. For example, water from well 8F1 had 8 mg/L fluoride, and well 25P1 had 3.6 mg/L boron.
Ground-water recharge is mainly by subsurface flow from Pinto Basin on the northwest and from Cadiz Valley on the north. Recharge also occurs by infiltration of runoff from the slopes of the surrounding mountains and infrequent rainfall on the basin floor.
Ground-water discharge from the basin occurs by evapotranspiration from Ford and Palen Lakes, by subsurface flow eastward out of the basin, and by pumping for domestic and agricultural uses. An estimated 400 acre-ft/yr of subsurface flow moves eastward out of the basin into Palo Verde Mesa (Metzger and others, 1973) .
As water levels decline with pumping, subsurface flow from Pinto Basin and Cadiz Valley probably will increase. Some subsurface flow may enter the basin from western Chuckwalla Valley (southwest of Desert Center). If the decline in water level is great, ground-water gradient in the eastern part of the basin could be reversed, thus inducing subsurface flow to enter the basin from Palo Verde Mesa (Koehler and Mallory, 1981) .
The limited development in the Desert Center area is not a significant competitive use of the ground water, and the basin is large enough to permit siting remote from the Desert Center wells. A well field located in the center of the basin may induce good-quality water to move from the Desert Center area without deteriorating the quality of water from the existing wells at Desert Center. 
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Hydrologic Analysis of Suitable Basins
HYDROLOGIC ANALYSIS OF SUITABLE B AS IMS-Continued
Calzona-Vidal Valley
Favorable Water Quality and High Well Yields Near Colorado River
Large-scale withdrawals near the Colorado River may change discharge areas into recharge areas. Low dissolved-solids concentration in many wells enhances this basin's potential.
The Calzona-Vidal Valley ground-water basin ( fig.  5.1-1) is classified as two separate ground-water basins by the California Department of Water Resources (1975) . The two basins have similar subsurface characteristics and were previously evaluated as one ground-water basin by the U.S. Geological Survey (Bader, 1969a) . Here they will be considered as one basin within a single hydrologic subunit. The ground-water basin is in the Vidal Hydrologic Subunit (X-15.AO) and encompasses 310 mi2 in the eastern part of San Bernardino and Riverside Counties adjacent to the Colorado River and the Arizona State line. Access to the basin is by U.S. Highway 95 and California State Highway 62.
The estimated quantity of ground water in storage is 3.5 million acre-ft. Drillers' logs indicate an average aquifer thickness of 500 feet and average depth to water of 250 feet. Well yields range from 100 gal/min near Vidal Junction to 1,800 gal/min near the Colorado River (Koehler and Ballog, 1979) . Most of the wells near the Colorado River have high yields, probably because they penetrate the older alluvium deposited by the Colorado River. The wells in the Vidal Junction area penetrate less permeable formations and, therefore, have lower yields.
Dissolved-solids concentrations range from 502 mg/L in well 9Q1 to 1,400 mg/L in well 29G1 and average 980 mg/L. The water is locally high in fluoride content (in excess of 9 mg/L) in the Vidal area, making it unsuitable for domestic use. A few wells in the southern part of the basin, near the Colorado River, contain soft water (hardness less than 60 mg/L as CaCO3). Average hardness in the basin is 134 mg/L, and hardness ranges from 16 mg/L in well 15A1 to 480 mg/L in well 10F1 (Koehler and Mallory, 1981) . The water from the upper part of the older alluvium near the Colorado River is of much better quality than the water at depth.
The flow of ground water is generally southeasterly; no known barriers inhibit the ground-water flow. Recharge to the basin is from infiltration of precipitation on the basin and from surface runoff from the surrounding mountain ranges. Some ground water enters the basin by subsurface flow from Rice Valley on the southwest. There may be some local recharge from the Colorado River along the northeast edge where pumping has caused a lowering of water levels.
Ground water discharges into the Colorado River along the southeast border of the basin. There are several pumping wells near Earp and Vidal Junction that are used primarily for irrigation (near the Colorado River) and some limited domestic use (near Vidal Junction).
To provide sufficient quantities of cooling water, the well field probably would have to be located near the Colorado River. However, ground-water withdrawals near the river probably would curtail subsurface flow out of the basin and increase recharge from percolation of Colorado River water. The hydrologic regime on the Arizona side of the Colorado River could possibly be affected by large-scale pumping in the basin. The legal and environmental ramifications of inducing recharge from the Colorado River would have to be considered before a large well field were located near the river. Figure 5 .5-1. Calzona-Vidal Valley ground-water basin (7-41 and 7-42 More than half of the basin is within a U.S. military reservation. Storage in the rest of the basin is probably less than 1 million acre-ft. Basin is within a U.S. military reservation. Ground water is being used for recreation. Water quality in most of the basin is generally suitable for domestic and agricultural use. Ground water is being used for urban, industrial, and agricultural purposes.
Do.
Do. Water quality is generally suitable for domestic and agricultural uses, except in the immediate area of El Mirage Lake. Water quality is generally suitable for most uses. Extensive withdrawals of ground water are being made for urban and agricultural uses. The basin is small (20 mi 2 ); consequently, storage is limited. Water quality is generally suitable for most uses.
Water quality is generally suitable for most uses, except in the immediate area of Koehn Lake, where water extremely high in dissolved solids is being used for the production of salt.
The basin is small (30 mi 2 ); consequently, storage is limited. Most of the basin is within a U.S. military reservation. Well yields are low; the alluvium has a maximum thickness of 250 ft (Moyle, 1971) , which limits well yield. Nearly half of the basin is within a U.S. military reservation. Water quality is generally suitable for most uses, except in the area immediately north and northwest of Cuddeback Lake.
The basin is within a U.S. military reservation. The basin is small (30 mi 2 ); consequently, storage is limited. Most of the basin is within a U.S. military reservation.
There is moderate urban and industrial development in the southern part of the basin. The northern half of the basin is within a U.S. military reservation.
The basin is within a U.S. military reservation. The basin is small (60 mi 2 ); consequently, storage is limited. The water quality in most of the basin is suitable for most uses.
Most of the basin is within a U. May give water a bitter taste; has a laxative effect at high concentrations. In combination with calcium, forms a hard boiler scale.
